In this paper the optimization of ofpara-azoxyanisole (PAA) has been carried outwith the help of density functional theory, B3LYP functional and 6-31+G (d) basis set. The input geometry taken was crystallographic in nature. AM1 method was used to evaluate the dipole moment and atomic net charge at different atomic centres. The modified Rayleigh-Schrodinger perturbation theory was used to estimate the long-range intermolecular interactions with the help of multicentered-multipole expansion method. For short-range interactions, a potential function of '6-exp' has been considered. Next, Helmholtz free energy and configurational entropy have been calculated. Theinteraction energy values corresponding to orientationaland translational motions at room temperature (300K) and nematic-isotropic transition temperature (408K) during different molecular interaction modes has been used for such a calculation. These parameters have been used to analyze the thermodynamic stability of PAA. The absorption wavelengths of the molecule have been estimated in the Ultraviolet visible region by employing Discrete Fourier Transform (DFT). UV-Vis stability of the molecule has also been discussed.
INTRODUCTION
Liquid Crystal (LC) science has been integrated in the area called 'soft matter', including polymers, colloids, and surfactant solutions, which are known for their highly deformable nature. This property leads to many unique and exciting phenomena not seen in ordinary condensed phases, and possibilities of novel technological applications [1] . Investigations on the thermodynamic and ultraviolet stabilities with structural and phase relationships betweencrystal and LC states have been of interest for a number of researchers. The mechanism of the molecular ordering in the LC phase [2] is an interesting problem, and it is believed that the molecular geometry is one of the factors to determine it. In this regard, it is supposed to be important to know about the geometrical structures of mesogens [3] . The anisotropy of physical properties has a close relation with the phase structure arises from a weak interplay between the internal molecular structure and themolecule-molecule interaction energy [4, 5] . A sensitive interplay between energy and entropy may be much understood with the help of statistical perspective on thermodynamic parameters. This enables molecular engineering of new materials with desired properties. In the optical range, LCs offer the possibility of large permittivity changes, controlled by low, externally applied voltages.So their incorporation as substrates in microwave devices provides a low-cost solution to the problem of achieving tuneable, adaptive or reconfigurable systems, for which,evidence on molecular structure-phase stability relations [6] may be required. The statistical perspective has the ability to 2 reproduce the thermodynamic properties of matter and provides the needed insight into the microscopic details [7] .
The molecular interactions and their role in mesomorphic compounds has been discussed in [8, 9] based on the RayleighSchrodinger perturbation method. The goal of these studies is to establish the anisotropic nature of the pair potential, and to find out theminimum energy configuration. Thus, the main focus was to find out the minimum energy with the observed crystal structure. It has been observed that the interaction energies indicate the preference of a particular configuration depending on their energy values. However these values do not reflect the actual relative preference, which can be obtained through their corresponding probability. In terms of multipole interactions, various differences between energy configurations are observed, have a marked effect on the thermodynamic system properties.
Here, an attempt for explaining the molecular interpretation of order-disorder phenomenon of a nematogen (4AA) has been done. The relative energies have been computed at an intermediate distance of 6Ǻ and 8Ǻ for stacking and in-plane interactions respectively. Similarly, a 20Ǻ distance has been maintained for terminal interactions. Instead of finding the exact minimum energy configuration, an attempt to elaborate the general behaviour of the molecules surrounding a fixed molecule has been done. A thermodynamic data examination has revealed that 4AA exhibits nematic-isotropic transition temperature at 408 K [10].
COMPUTATIONAL METHODOLOGY
The PAA molecular geometry has been built on the basis of published crystallographic data with the standard bond angle and length values [10] . The computations are explained below.
The interaction energy can be calculated based on the evaluation of dipole moment and atomic net charges at each atomic centre. In our computation, AM1 charges acquired by MOPAC calculations through VEGA ZZ package [11] have been used.
Computation of interaction energy at various configurations
For a fixed configuration, to calculate the energy, a comprehensive computational scheme based on a simplified formula provided by Claverie [12] The above calculations are carried out by considering an orthogonal coordinate system. The origin has been chosen at the molecule midpoint. The x-axis is along a bond parallel to the long molecular axis while the yaxis lies in the plane of the molecule and z-axis is perpendicular to the molecular plane. 3
Computation of thermodynamic parameters
The thermodynamic parameters of a particular configuration i is calculated using the following equations.
whereA is the Helmholtz free energy, U is the internal energy and S stands for entropy. β = 1/kT, where k is the Boltzmann constant, T is the absolute temperature and ε i represents the energy of the configuration
Calculation of UV-Vis spectra
Density Functional Theory (DFT) has been widely used to study the molecular structure. This procedurealongwith B3LYP/6-31+G(d) level has been used for optimisingthe PAA. The basis set of 6-31+G (d) contains a reasonablenumber of basis set functions. DFT approach has been used to optimize the geometry. [14, 15, 16] developed the DFT approach for providing an efficient method to handle electron systems. In the case of singlet ground states, B3LYP functional was used to perform the DFT calculations. For singlet excited states, theoscillator strengths and excitation energies at the optimized geometry have been obtained by TDDFT calculations. This has been found adequate for determining the UV-Visible absorption spectra. The calculation of DFT has been performed by a Spectroscopy Oriented Configuration Interaction (SORCI) [17] procedure. 
RESULTS AND DISCUSSION

Stacking interactions
One of the interacting molecules has been fixed in the x-y plane. X-axis lies along a bond parallel to the long molecular axis. On the other hand y-axis is kept at a6Å separation along the z-axis. Figure B1 shows the interactionanalysis of the energy components corresponding to y (0 0 ) z (0 0 ). It has been witnessed that dispersion energy is the predominant factor for the molecular pair attraction of PAA. It is due to the fact that the face-to-face orientation of the molecular rings offers larger dispersion energy. The exact minimum is estimated fromtheKitaigorodsky energy curve. Figure B2 shows the interaction energy component analysis with respect to xaxis translation corresponding to y (0 0 ) z (180 0 ). There is a sufficient increase in the component of the magnitude. However the extent of increase is smaller compared to polarization and electrostatic terms. Figure B2 explains that the stacked pair of PAA molecules can slide above each other in the -26 ± 4 Å range, without much change in energy.Further, a noteworthy observation is thecapabilityto keep the molecular order up to 30 Å. This may be connected with the compound fluidity and its collation in theLC phase. The energy has been reduced owing to translation and rotation about all axes. An accuracy of 0.1Å and 1 0 in translation and rotation respectively has been achieved. It is worthy to note that minimization path depends on the computational objectives. The global search for minimum energy configuration under known conditions possesses a different path and therefore specific route has to be chosen carefully.
In-Plane interactions
The interacting moleculeswere maintained at an 8Å distance along the y-axis. This is done for the completeprevention of Van der Waals contacts. Same calculations were carried out for in-plane interactions too. The respective energies have been minimized with respect to rotation and translation along all axes. Figure B3 shows the interaction energy component variation with respect to translation along x-axis corresponding to configuration y (0 0 ).The over-all interaction energy is almost a constant in the2.2 ± 4 Å range, without energy changes. As a result, against thermal agitation, the molecular order upto 3Å can be retained. Similar process has been carried out for rotation too. It is noted that the significant energy resultsfrom the dispersion term. Since the anti-parallel molecular ring orientation produce a dipoledipole attraction which is more effective the electrostatic energy is also more effective compared to stacking. So, the stacking interactions are found to be less pronounced than in-plane interactions. The nematic liquid crystal character is manifested by the translational freedom along the long molecular axis. Hence, translations have been permitted along x-axis corresponding to the configuration y (0 0 ).
Terminal interactions
In order to examine the terminal interactions, shifting of the interacting molecule by 22Å were carried out compared to the fixed one. The terminal interactions are found to be weak compared to the in-plane or stacking interactions. The interaction energy component variation pertaining to rotation interaction along x-axis corresponding to y (0 0 ) has been carried out. The x-axis rotation shows no inclination towards any angle. It means that the molecules can freely rotate about their molecular axis. In the case of y-axis, a slight preference for the molecular axis on the same line is noted.
THERMODYNAMIC VIEW
Our calculations may be connected with the nematic behavior and thermodynamic stability of the system under study. The translational freedom along the molecular axis is used to manifest the nematic character of liquid crystal. Thermodynamic parameters such as entropy and Helmholtz free energy entropy are calculated with respect to x-axis translation on different interaction modes inorderto investigate the nematicbehaviour of PAA.
Helmholtz free energy
The idea of Helmholtz free energy of a configuration system helps in understanding the molecular level phase stability. Table A1 provides a comparison of translational and rotational Helmholtz free energy at nematicisotropic and room transition temperatures. comparative picture of Helmholtz free energy. The phase stability is increased by an increase in the negative free energy. Table A1 indicates that this phase is more pronounced during the terminal and in-plane interactions. Figure B4 shows a plot of translational entropy and temperature while stacking and the molecular axis in-plane interactions. During stacking interactions, the translational entropy is 3.81 kcal mole -1 K -1 and 3.45 kcal mole -1 K -1 at nematic-isotropic transition temperature and room temperature respectively. Thisimplies a strong binding at low temperature. Ultimately, one can infer the less disorder at room temperature. As the temperature is increasedthe molecules gain ample space for sliding along the molecular axis. This is considered to be the cause for the increment of disorder. In planar interactions the translational freedom is more pronounced. At nematic-isotropic transition temperaturetheconfigurational entropy value is6.47 kcal mole -1 K -1 which rose from 6.35 kcal mole -1 K -1 at room temperature. The freedom is prevalent for smaller translations while longer translations are not usually considered. Thus, only negligible molecule movements are possiblein the mesophase range. The process of phase transitionsoffers the molecular motions to get excited. This results in an increase in thermally accessible conformations. Figure B4 shows an increase in isotropic liquid state translational entropy at room temperature and suggests the equal excitation of different molecular motion modes (translational, rotational etc.) . In both cases the values were found to besimilar (i.e. in-plane and stacking interactions). It confirms that PAA does not show unusual preference in stacked layer formation. Thisemphasizes the nematicbehaviour of PAA. Figure B5 showsthe UV-Visible absorption spectrum of PAA molecule using DFT method.The UV region indicates a fiveband structure with absorptions being observed at 207.03nm (λ 1 ), 235.74nm (λ 2 ), 256.25nm (λ 3 ), 301.95nm (λ 4 ), and 331.84nm (λ 5 ). Further, a single band has been observed at 411.52nm (λ 6 ). The strongest absorption (λ max ) in UV region at 207.03nm and visible region at 411.52nm reveals the UV-Visible stabilities of the PAA molecule. The bands in UV region 5 may be assigned as * transition, and visible region as n*. Further, the spectral characteristics such as extinction coefficient, oscillator strength, and vertical transition energies corresponding to each band are shown in table A3. The LUMO, HOMO and energy gap of PAA molecule are also reported.
Configurational entropy
UV-VISIBLE SPECTRUM
CONCLUSION
The following conclusions are deducted from the computational analysis of PAA.
1. The illustration of the configurationflexibility for a specific temperature may be understood with help of translational entropy values.As this has a direct connection with the property of phase transition, it may guide us to understand the structurestability relationship of LC molecules. FigureB3.Variation of in-plane interaction energy components with respect to translation along x-axis corresponding to configuration y (0 0 ). Figure B4 .Translational entropy as a function of temperature during stacking and in-plane interactions at room temperature 300 K, and nematic-isotropic transitiontemperature 408 K. 
